The motility of human polymorphonuclear neutrophils was studied in vitro under aerobic and anaerobic conditions. Chemotactic factors were generated from plasma with immune complexes or with whole bacteria (Staphylococcus aureus, Escherichia coli, and Bacteroides fragilis). Chemotaxis induced by chemotactic factors generated from immune complexes was identical under both conditions. However, chemotaxis utilizing chemotactic factors generated from bacteria was markedly depressed under anaerobic conditions. Mean random tube motility was not significantly different under aerobic and anaerobic conditions. These data indicate that different metabolic pathways may be involved in polymorphonuclear neutrophil movement. Some of these pathways require oxygen (chemotaxis in response to factors generated by bacteria in plasma), whereas others do not (random tube migration and chemotaxis in response to factors generated by immune complexes in plasma). These observations may be important in the induction of inflammatory responses within hypoxic tissues. Measurement of chemotaxis. Chemotaxis was studied by a previously described modification (14) of the Boyden assay (2). The PMN suspension was placed in the upper compartment of a Sykes-Moore tissue culture chamber and separated from the CF suspensions, which were placed in the lower compartment of the chamber, by two Millipore filters. The upper and lower filters had pore sizes of 3 and 0.45 pm, respectively. After an incubation period of 3 h at 370C, the filters were removed and stained. The number of PMNs which had reached the lowermost portion of the 3-pm filter was determined microscopically by counting the cells in 10 high-power fields (HPF). The number of PMNs which had migrated through the 3-pm filter and had fallen off were measured by counting the same number of HPF on the uppermost portion of the 0.45-pum filter. All studies were performed in duplicate. The slides were coded and read in a doubleblind fashion.
Once polymorphonuclear neutrophils (PMNs) enter the circulation, their physiological functions include movement into tissues, phagocytosis, and degradation ofeffete or foreign objects. At least two types of neutrophil movement are recognized, random migration and chemotaxis. Random migration is nondirected cell movement; chemotaxis is the directed migration of cells toward a stimulus.
A great deal has been learned about the metabolic activities of PMNs during phagocytosis and bacterial killing (10) . Much of this information has evolved from experiments which found that neutrophils could phagocytize, but could not kill, microorganism under anaerobic conditions (12) . Similar Measurement of chemotaxis. Chemotaxis was studied by a previously described modification (14) of the Boyden assay (2). The PMN suspension was placed in the upper compartment of a Sykes-Moore tissue culture chamber and separated from the CF suspensions, which were placed in the lower compartment of the chamber, by two Millipore filters. The upper and lower filters had pore sizes of 3 and 0.45 pm, respectively. After an incubation period of 3 h at 370C, the filters were removed and stained. The number of PMNs which had reached the lowermost portion of the 3-pm filter was determined microscopically by counting the cells in 10 high-power fields (HPF). The number of PMNs which had migrated through the 3-pm filter and had fallen off were measured by counting the same number of HPF on the uppermost portion of the 0.45-pum filter. All studies were performed in duplicate. The slides were coded and read in a doubleblind fashion.
Measurement of random tube migration. Random leukocyte mobility was measured by a modification (3) of the method of Ketchel and Favour (9) . For this assay PMNs were obtained from the buffy coat of heparinized blood. Washed plasma-free suspensions of 5 x 10r PMN/ml in 0.1% human albumin were placed in siliconized, microhematocrit tubes and incubated at 370C for 3 h. The distance migrated upward by the leading cells was measured with an ocular micrometer mounted on a microscope, the stage of which was turned to the vertical position. The tubes were placed in a chamber which was constructed from two glass slides and filled with immersion oil (13) . The tubes were closed at one end with clay and at the other end with Critocaps (Scientific Products Div., McGaw Park, Evanston, Ill.) to ensure that the assay was performed in the intended atmosphere. All tests were done five times.
Anaerobic conditions. Studies on each subject were performed simultaneously under aerobic and anaerobic conditions. An anaerobic glove box (1) containing 85% N2, 10% H2, and 5% CO2 was used for experiments in the absence of oxygen. Suspensions of PMNs and CF were placed into the anaerobic glove box, loaded into the chemotaxis chambers of microhematocrit tubes, and then put into a GasPak jar, which was sealed to maintain the anaerobic conditions. The jar was then removed from the glove box and incubated at 370C. In a parallel set of experiments, the incubation of aerobic chemotaxis chambers either inside or outside GasPak jars had no effect on the results.
Entering the anaerobic glove box involved evacuating the air in an exchange box and flushing with anoxic gases several times. To assess the effect of these severe pressure changes on PMNs, a third set of PMN and CF suspensions underwent the pressure changes in the exchange box but were loaded into the chambers and processed in room air.
The maintenance of anaerobic conditions in the jars was monitored with the oxidation-reduction dye resazurin, assuring a redox potential of below -42 mV Eh (15) . However, other investigators have demonstrated that the glove box with the gas admixture indicated above contains less than 10 p1 of oxygen per liter and maintains a redox potential of less than -300 mV (11 None of the control suspensions (stimulants suspended in HBSS without plasma) had chemotactic activity (Fig. 1) ; albumin-antialbumin complexes and the three bacteria required plasma factors to generate this activity. In a parallel set of experiments, heat inactivation of plasma at 560C before incubation with bacteria or immune complexes resulted in the inability of these substances to generate CF activity.
When PMNs were exposed to the severe pressure changes involved in entering the anaerobic glove box and then studied for response in aerobic conditions, these PMNs migrated just as well as cells which were processed completely in air. Also, the presence or absence of the bacteria in the CF suspensions did not affect the results. Removing the organdiss from the CF suspensions by Millipore filtration (after the 35-min period of CF generation) had no effect on chemotaxis results.
In separate experiments PMNs were counted both on the lowermost surface of the 3-pm filter and on the uppermost surface of the 0.45-pn filter. There was no evidence that the PMNs fell off the upper filter onto the lower filter to any greater or lesser extent under aerobic or anaerobic conditions. Generally, the number of PMNs falling onto the lower filter was proportional to the number of PMNs migrating through the upper filter.
Assessment of chemokinesis. Table 2 shows representative results from sets of parallel experiments which attempted to differentiate chemotaxis from chemokinesis in our studies of PMN locomotion (8) . The concentrations of CF utilized in all experiments were the same as in the usual assay (13.3%). The first line of data (PMNs in the upper chamber of the modified Boyden apparatus and CF in the lower chamber) represents the usual chemotaxis assay as reported above. When the lower chamber contained only HBSS, there was minimal movement of PMNs across the membrane. When the CF concentration was identical on both sides of the membrane or when CF was placed only in the PMN-containing (upper) chamber, the number of cells which migrated across the membrane exceeded the HBSS controls, but remained markedly less than in the usual chemotaxis assay. Finally, if the chemicals resulting from the incubation of stimulants with heat-inactivated serum were placed in the lower chamber, the migrating cells again exceeded the HBSS controls, but numbered far less than the usual assays. Results of these experiments performed under aerobic and anaerobic conditions were virtually identical. Effect of CF concentration. Figure 2 demonstrates the effect ofvarying the serum concentration. The concentration used in the standard assay was 13.3%. For studies with E. coli ( Fig.  2A ) and S. aureus (Fig. 2B) , a progressive increase in response was noted as the concentration of CF was increased toward 10%, the maximal response being attained at concentrations which were lower than that used in the standard assay. For studies with albumin-antialbumin complexes (Fig. 2C) , the maxmal response was attained at concentrations which were higher than that used in the standard assay. After maximal chemotactic response was reached for all VOL. 21, 1978 on IL three ofthe systems, progressively increasing CF concentration did not result in increasing chemotactic response. The chem6tactic response under anaerobic conditions was markedly less than that obtained in air for both E. coli-and S. aureus-generated CF at all concentrations. On the other hand, for immune complexes the responses did not differ in the presence or absence of oxygen as the CF concentration was varied over the same range as was studied with the bacteria. These results indicate that the differences seen under anaerobic conditions were not a function of CF concentration. DISCUSSION The observations reported here indicate that PMNs do not require oxygen for random migration or for the response to CF generated from plasma by albumin-antialbumin complexes. By contrast, the response of PMNs to CF generated trom plasma by whole bacteria was markedly diminished in the absence ofoxygen. These findings suggest that the CF produced from plasma by bacteria was different from that induced by albuimin-antialbumin complexes and that these CF may have triggered different metabolic pathways.
Kraal and Kenney (11) also studied chemotaxis under aerobic and anaerobic conditions, but concluded that migration occurred equally well under both conditions. The materials and methods used in that study were similar (but not identical) to those used in our study, with the notable exceptions being the reagents used to generate CF from human plasma. Those investigators used zymosan and endotoxin, whereas we used immune complexes and whole bacteria. The apparent conflict in results between the two studies is resolved by the recognition that different materials may generate different CF from plasma.
The controls utilized in our experiments and the extended studies clarified the interpretation of the results. First, the chemokinesis experiments demonstrated that the CF concentration gradients across the micropore membranes were necessary to obtain the reported results; hence, we indeed measured the directed migration of PMNs (8) . Second, the pressure changes accompanying entry into the anaerobic glove box, the potential idiosyncrasies of incubating Boyden chambers in special jars, and the presence or absence of whole bacteria in the CF suspensions were shown not to affect the results. Third, plasma factors were required for the generation of CF because whole bacteria and immune complexes suspended in diluents alone did not produce PMN locomotion. Finally, the concentration of CF was not related to the divergent chemotaxis results obtained under aerobic and anaerobic conditions. CF have been clarified (7) as cytotaxins (substances which attract cells directly) and cytotaxigens (substances which attract cells only after interacting with biological fluids to form cytotaxins). Because neither the albumin-antialbumin complexes nor any of the bacteria had chemotactic activity without incubation in plasma, all substances used in our studies were cytotaxigenic. Furthermore, the substances which were used to generate CF required the presence of heat-labile serum factors (presumably complement). Previous studies have shown that albumin-antialbumin complexes induce the production of C3a and C5a (16, 20) ; these chemotactically active components of complement are believed to be the major source of endogenous CF (17, 20, 22) . Relatively little is known about factors produced by bacteria which affect motility of phagocytic cells (24) . Bacteria may produce complement-activating substances (7, 24) , such as certain proteinases (21) or endotoxins (7, 17) . Other microorganisms such as S. aureus produce both cytotaxins and inhibitors of chemotaxis (18, 23) .
The energy requirements for leukotaxis are not well understood. However, inhibitors of the glycolytic pathway depress the chemotactic response (5, 13), whereas inhibitors of oxidative metabolism do not (6, 13, 19) . These observations have indicated that anaerobic glycolysis is probably the major energy source for neutrophil chemotaxis. However, our data suggest that oxygen is required for the chemotactic response to bacteria-generated CF but not for the response to CF produced by albumin-antialbumin complexes. These endings further suggest that different metabolic pathways are involved in chemotaxis, depending on the mechanism by which the CF is produced.
One possible explanation of our results is that the suspension of bacteria and plasma may have produced an inhibitor of chemotaxis. Indeed, inhibition of chemotaxis by bacterial toxins liberated from S. aureus and Clostridium perfringens has been demonstrated (23, 25) . In our studies, however, the same mixture of CF was used simultaneously in experiments performed in the presence and absence of oxygen. The hypothetical inhibitor, ifpresent, was active only under anaerobic conditions. Thus, the differences in response to CF in the absence of oxygen may have been due to (i) the presence of an inhibitor or (ii) the generation of different CF.
Whichever mechanism is correct, the data presented cast some doubt on the concept that a (4, 10, 12) . Our studies indicate that in the absence of oxygen the PMN response to CF generated by bacteria in plasma would also be suppressed.
